キノコとキノコ食性動物の匂いコミュニケーション-特にキノコ食性ナメクジとの関係- by 北林 慶子 & Kitabayashi Keiko













     
 
ū  ʠ  ɳ  Ħ   1624062002 
Ȩ     ī   čȂ ƺŨ  
¬ÂǋƁǢķȨī̻́ ƅŨ




１章 序論 ............................................................................................................... 1 
2 章 ヤマナメクジのキノコ菌種に対する嗜好性の調査 ...................................... 6 
2.1 はじめに ................................................................................................................. 6 
2.２ 材料と方法 ............................................................................................................ 6 
2.2.1 ヤマナメクジのキノコ菌種に対する嗜好性の調査 ............................................. 6 
2.2.2 ヤマナメクジのアマニチン毒耐性評価 ................................................................. 7 
2.3 結果 .......................................................................................................................... 9 
2.3.1 ヤマナメクジのキノコ菌種に対する嗜好性の調査 ............................................. 9 
2.3.2 ヤマナメクジのアマニチン毒耐性評価 ................................................................. 9 
2.4 考察 ....................................................................................................................... 10 
2.4.1 ヤマナメクジのキノコ菌種に対する嗜好性 ........................................................ 10 
2.4.2 ヤマナメクジのアマニチン毒耐性評価 .............................................................. 10 
３章 ヤマナメクジのキノコ胞子散布能力の検証 .............................................. 12 
3.1 はじめに .............................................................................................................. 12 
3.2 材料と方法 .......................................................................................................... 12 
3.2.1 調査地 ........................................................................................................................ 12 
3.2.2 ヤマナメクジの生息場所の調査 .......................................................................... 13 
3.2.3 ヤマナメクジの排泄物の観察 ............................................................................... 13 
3.2.4 アンプリコンシーケンスによるヤマナメクジの排泄物の菌相解析 ............. 14 
3.2.5 ヤマナメクジが１日に排泄する胞子量と胞子体内滞留時間 ......................... 15 
3.2.6 ヤマナメクジに排泄された胞子の発芽実験 ...................................................... 16 
3.2.7 林床でのヤマナメクジの移動距離と移動パターンの調査 ............................. 17 
3.3 結果 ..................................................................................................................... 18 
 3.3.1 ヤマナメクジの生息場所 ....................................................................................... 18 
3.3.2 排泄物の観察 ........................................................................................................... 18 
3.3.3 アンプリコンシーケンスによるヤマナメクジの排泄物中の菌相解析 ......... 18 
3.3.4 ヤマナメクジが１日に排泄する胞子量と胞子体内滞留時間 ......................... 19 
3.3.5 ヤマナメクジに排泄された胞子の発芽実験 ...................................................... 19 
3.3.6 林床でのヤマナメクジの移動距離と移動パターンの調査 ............................. 20 
3.4 考察 ..................................................................................................................... 21 
3.4.1 ヤマナメクジに排泄された胞子の発芽力 .......................................................... 21 
3.4.2 胞子散布者としてのヤマナメクジ ...................................................................... 22 
4 章 ヤマナメクジとショウジョウバエ３種に忌避効果のある匂い成分の同定24 
4.1 はじめに ............................................................................................................. 24 
4.2 材料と方法 .......................................................................................................... 24 
4.2.1 キノコの匂い成分分析 ........................................................................................... 24 
4.2.2 匂い成分に対するヤマナメクジの反応の観察 .................................................. 26 
4.2.3 匂い成分に対するショウジョウバエ 3 種の反応の観察 ................................. 27 
4.3 結果 ..................................................................................................................... 28 
4.3.1 キノコの匂い成分分析 ........................................................................................... 28 
4.3.2 匂い成分に対するヤマナメクジの反応の観察 .................................................. 29 
4.3.3 匂い成分に対するショウジョウバエ 3 種の反応の観察 ................................. 30 
4.4 考察 ..................................................................................................................... 32 
4.4.1 腐敗期に生産される Dimetyl trisulfde ............................................................. 32 
4.4.2 アケボノドクツルタケの匂いと動物の関係 ...................................................... 32 
4.4.3 ショウジョウバエ３種間のキノコの匂い成分に対する反応の違い ............. 34 
謝辞 ....................................................................................................................... 36 
 引用文献 ................................................................................................................ 37 
要旨 ....................................................................................................................... 43 






















  1 
１章 序論 









ƼòV¬>Ś$ĭI(Ohta 1983; Terashita et al. 1991)3Ǭǻ¹?ͫțVûɐ-R4
£Ǫ:3owtgʑ Phallaceae ?ci@f;ĲASRˉŨơƼ̹!
PDimethyl disulfide;Dimethyl trisulfide;63ˎ63ȄŲ?O=ûɐˑV
Ǡ69R(Borg-Karlson et al. 1994)4H33Clitocybe odora3C. fragrans3Hebeloma 
crustuliniformeLepista nudaTricholoma fracticum OC T. terreum?ciͽ
ʕ?ĊƼòVòȁ+3ʈʗ:@3è̹: 46ʕ?Ƽò"Ȑñ)S31SP@è







ơƼ̹!P Butanoic acid M P-cresol  OC Phenol Vɨɩ+3ˎͫƯĜˁɽ?
Musca sorbenM Parasarcophaga albicepsV̆ƞ+93ˉŨVǙͫ)/R';:
  2 
ˉŨVǣƎ-R(Chen et al. 2014)4£Ǫ31-octen3-olV¬Ƽò;-Rxtg>








































melanogaster, D. anguralis, D. busckii >Ȳɽ+34 
 }en@Ǭǻ:@ǻƊ3ľń3¯Ɗ>òƎ+9 Q3ƼÉ@ 13~16cm
>iěDŜŋ?}en?£ʕ:(Ȁ 1998)3Śȓ=ciVŢJ˝ͫƯćɝ:
9RͶ˭ 2015ͷ4Ǭǻ¿ř:iŜŋʕ?}en@)H*H=òͨʿ?ci
V̖ͮɇ;+9R';"˳ż)S9R(Buller 1922; Keller and Snell 2002)4
'SH:?}en;ci?Ċ>79?ʈʗ:@3}}}en;Ĳ
ASR Ariolimax columbianus@ah\~tg Clitopilus prunulus>ĭHS
R 1-octen-3-olVƭ̷-R';M(Wood and Largent 2001)3ĪƆ? C. flaccida>
ĭHSR 5-(chloromethyl)-3-methyl-2 (5H)-furanoneVƭ̷-R';"U!69
R(Wood et al. 2004)434+3ˉŨǣƎˊĂ>79@3'SH:Ǥʕͨ?Ŝ
  4 
ŋ?}en>793ȏɝʕŨ?ǣƎ˄;Ǐͫ˄;+9?ģˊƯ(Gervais et la. 
1998; Turke et al. 2010; Kollmann and Bassin 2001) M3ig?ʹȡÉVǣƎ+3






ƼˢH:ciVɩĖŐƿM̖ͮɇ;+9øɪ+9R (Hackman and 
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g|extg Amanita pallidorosea@ DNA˵ȁ>O69ʕĪŰ+34Ũ
ŲÉ?ƼɗȢ͔?ď÷@3ß"͊#ó69=i?Vƕ˝3ß"͊9ˉŨ
ǣƎǲǸ?i?VƼ˝3ß"ĝQ̥QɶI@,K9Ri?V˂˝;+34H










ë:3ovwew{(Ȗ 25 cm×ʸ 35 cm×Ͳ) 5 cm) ë>ʱͫ)/3
}en 5ĎVȖ£ô>ʼ#3́ ř:ǒ͙+3ŨŲÉV}en!P 15 cm
͚+9˽ʼ+3(Fig. 1)4 
}en?Ǚͫ˥ć@3ɽ˱>OR˳ż;Īǲ>3ie{znt
a(WG-20, RICOH)Vɪ3 15ò͋ 1ò͕͋?[t¡ǚƢ>OQ˻
̈́+3415òƦ3ŨŲÉV£ƙiǙͫ+=!63ÖÉǤOQ3͟ ǙͫɢͶ΂ Ǚ
ͫ+=!63ÖÉǤ / èÖÉǤͷVȫK34́ͱ>ɪ3˝ʕ;}en?Ö




{¡;+93ƼÉ?}en 5ÖÉ>Ɋ˝Ȫ 20 µlVŲͱɪȲƀļ(31G, 
13 mm):3}en?ˈÞ> 30ƙ?˴ƙ:Ȳç+(Aguiar and Wink 2005)3
͹̭͋Ʀ>èÖÉ"ɨũ-R';Vʌ̅+34̘ç+3-Y~v
ͶC39H54N10O14S, ΄Ά: 918.97 , Ĵæʧˡ͸ɣŹŗ[ĴæʧˡͷV
΅Ȫ>ɉ˵)/9ËƼ+33Y~vɒƙ 1000 µg/µl, 100 µg/µl, 10 µg/µl
  8 
?Ȫɉȼ 20 µlV}en>ħɒƙ 4Ď.7(10 ppm?I 3Ď)Ȳƀ+3ɨ
ȟVȥǬ£ƙ£̭͋>U3Q˳ż+34 
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2.3 結果 
2.3.1 ヤマナメクジのキノコ菌種に対する嗜好性の調査 
 ŨŲÉè 7ɽ 14ʑ 19Ɔ 43ʕVɪ9}en?ĻŢƯV̉Ȉ+34è












extg(P=1);m\ixtg(Amanita clarisquamosa) (P = 0.653), 
ci|cͶA. spissaceaͷ(P= 0.639), a[xtg(A. fulva) (P=1), a






 Y~vV}en>ÉˏȲƀ+͹̭͋Ʀ31000µg/µl(N=4), 100µg/µl 
(N=4), 10µg/µl (N=3)-F9?ɒƙ:èÖÉ?ɨũVʌ̅+34H33͹̭͋?













 ºĿ?Ųͱ:3}en@ǵŜɒƙ 1000µg/µl ?Y~vȪɉȼVÉ
ˏ>Ȳƀ)S9i3100͵ɨũ+934{"Y~vVʮġǙğ+3͖?
LD50 (50%"ȟ¶-R͂)@ 0.1mg/kg:9R(ɜƈ 2009)4}en"{;
Ī,˅ƯVi7;+93LD50V}en?É̀V 10g ;+9˰ʖiR;3













\n\^V̆ƞ-R(Kaiser 2006; Policha et al. 2016)4H33ȏɝɵĘ˝
?kcɽ? Puccinia arrhenatheri@q[\d Berberis vulgaris?˗>ơ




























Ù:9R4ȩ̐Ɩ?z¡t>OR;3̉ȈǸ͋ 2016Ɠ!P 2018Ɠ? 5Ƕ!P
11ǶH:?̓ȭƍ?ƒŊȩɃ@ 21.3 2(2016)320.6 2(2017)321.52(2018)
;Ŝ#=ŘČ@=!634͏Ȫ͂@32016Ɠ@ 1355mm:ǵiƃ=$32018
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Ɠ> 1576.5mm:32017Ɠ" 1710mm:ǵŜ:9634 
̉Ȉň?ȔͲ@ 50~160m:ʵ͠ʖ@ʦ 74ha:9R4ȏɨ@Yc Quercus 
variabilis;i} Quercus serrata"ãĕ-R´ȚȂ;3\r\ve
Phyllostachys edulisȂ:ƼR4ȂƘ>@vclk Sasa palmateMelk Sasa 
veitchii"ʹ˜+9ȂƘ"˯US9Rňɓ"Ś4̉ Ȉ¡{èÉ>Yc
!i}?Øǹ"ɓŇ+9 Q3atg Trametes versicolor3atg
Trichaptum biforme3x\vtg Microporus vernicipes3entg Trametes 
orientalis=<?ǹǽˎǼ˝ŨŲÉ"ɷɨ+9R4řɨ˝ȋ˝?ŨŲÉ:@ 6
























 ́ř:2017Ɠ9Ƕ25, 27, 28Ǭ, 10Ƕ3, 16, 20Ǭ>ǒ͙+3}en8ÖÉ
VÖ÷>ovweaw>çS3222ưɃųë:Ôʝ+3424ǲ͋Ʀ3Ǒ
ȯ)S3ʢkV1.5mlv¡>2g.7ǒ͙+îðƚ−302:Ôũ+34
ʢk@VD-250R Freeze Dryer (TAITEC):ðʯ±ɘ+3Shake Master Neo 
(bms)Vɪ9ðʯ±ɘ+3kVʡʉ+34MPure Bacterial DNA 
Extraction Kit (MP Bio)Vɪ9ʡʉk!PDNAVǇñ+34PCR͎Ŵɝ
̗?͒ę@One Step PCR Inhibitor Removal Kit (ZYMO RESEARCH) Vɪ9˥
6341?Ʀ3Synergy H1 (Bio Tek) ;Quanti Fluor® dsDNA System (Promega)
Vɪ93k?DNAɉȼ?ɒƙVɄŰ+34[¡?Ë˫@2 step 
trail PCRȰVɪ341st PCR?PCRĝƮȼ>@30.5ng/µl DNAy¡{2.0µl3
10X Buffer 1.0µl3 2.5M dNTP mixture 0.8µl310µM Forward Primer 0.5µl310µM 
Reverse Primer 0.5µl35U/µl ExTaq (Takara) 0.1µl3DDW 5.1µlVɪ34 
 [¡@1st_ITS1-F_KYO1;1st_ITS2_KYO2VÌɪ+3(Toju et al. 2012)4
PCRĝƮǿÁ@9422ò→(94230ʒ, 60230ʒ, 72260ʒ)35k[e→7225ò
:˥634 
2ndPCR?PCRĝƮȼ@Max 5ng/µl PCRɩɝ 2.0µl310X Buffer 1.0µl32.5M 
dNTP Mixture 0.8µl310µM Forward Primer 0.5µl310µM Reverse Primer 0.5µl35U/µl 
ExTaq (Takara) 0.1µl3DDW 5.1µlVɪ34PCRĝƮǿÁ@9422ò→(94230ʒ, 
60230ʒ, 72260ʒ)12k[e→7225ò:˥634[¡@2nd-F;2nd-R
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VÌɪ+341?Ʀ3Fragment Analyzer;DNA915 Reagent Kit (Advanced 
Analytical Technologies)Vɪ93Ë˫+3[¡?ĵ̗ʌ̅V+34m





















ǑȯɝVĿĞ+34ĿĞ+3Ǒȯɝ@͹Ǭ(;>ʵ̀͂ A (mg) ;+9˻̈́+
34͹Ǭ(;?ʵ̀͂ A (mg)?5 1 mgVȪ:ƻɑ+3Ǒȯɝ 1 mg>ĭHS
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RˉŨ͂ B (Ö/mg) Vˤɤ˹ʜɼ:˹Ʉ+34'?ÛVɪ9 1Ǭ>Ǒȯ-R
ˉŨ͂ N(Ö) ?ǔŰÛV N = A × B :ȫK34 
 
3.2.6 ヤマナメクジに排泄された胞子の発芽実験 
 ˉŨơƼ+9RtgPleurotus ostreatus (N=2)3{c[tg
















ȐŰ>OQi{¡ď?ɷ˙ɢ;ȧ̝+3(Microsoft Excel for Mac 2011 
v.14.7.7, Microsoft Co., Redmond)4 
 
 






























 ̉ȈǸ͋«:è 113 ÖÉ?ɨƲŐƿVʌ̅+35ƼÉ" 72 ÖÉ3ƕÉ"
41ÖÉ:9634ɨƲŐƿ@Øǹ(68%, N=77)"ǵiŚ$3ʲ9ŨŲÉ(20%, 
N=22), ȗ¥(7%, N=8), ň¥(5%, N=6)?ͥ:963(Table 2)4ŨŲÉ;ň¥!P
˰7!63ÖÉ@-F9ƼÉ:9634Øǹ:@ƼÉ 49.4%(N=38), ƕÉ













 ́ř:ǒ͙+3}en 8 ÖÉ?ʢ«?˝ɿV˵ȁ+3ʯȄ3Ĩ˹
288,630 OTU̼ôVȐñ+341?5352.5%" Ascomycota (ŨĽ˝͉)346.1͵
" Basidiomycota (ǈŨ˝͉)3;ʦĒǤ.7:3ȠQ@ Chytridiomycota (xa
͉) 0.1%, Mortierellomycota 0.2%, Mucoromycota (gaµ͉) 0.1%, 1?¼
0.9%:963(Table 3)4ǻʈʗ:Ž̐;-RǈŨ˝͉?˝ɿ@3è 169,410 OTU
  19 
̼ô: 18 ɽ?f¡"Ȑñ)S3(Table 4)4ǈŨ˝͉èÉ? 66.1%"
Agaricales (tgɽ) :329.7%" Trichosporonales̾ȤͨVŚ$ĭJf¡
3Ț> Hymenochaetales ?ǹǽˎǼ˝VŚ$ĭJf¡"¥Ç 3 f¡
:9634˝ͨ?ɨƹūɺf¡÷>˰R;3Ȑñ+3ǈŨ˝ 18ɽ?53
6 ɽ Hymenochaetales3Tremellales3Trechisporales3Polyporales3Filobasidiales3
Tremellales "ǹǽˎǼ˝;ǵiŚ$3Ț>̾ȤVŚ$ĭJf¡" 3 ɽ
Trichosporonales3Sporidiobolales3Cystofilobasidiales;ȏɝɵĘ˝VĭJf¡
 3ɽ Tritirachiomycetes3Exobasidiales3Agaricostilbomycetes31+9˝ȋ˝"
2ɽ Russulales (~tgɽ)3Thelephorales ([tgɽ):963(Fig. 6)4ǵi






 è 13ÖÉ?}enVɪ9̉ȈV˥634ʱ ͫ͊ţ!P3Ǒȯɝ«>








Ũ:i{¡OQiͲɷ˙ɢVʎ+93(Table 5, Fig. 8)4ɞ>3
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vxtgŌͭ 24ǲ͋ɽ 4.13% (SE±1.04) (tȐŰ΀P=0.041);}tg
|cŌͭ 0ǲ͋ɽ 3.75% (SE±0.67)(P=0.017) :@3i{¡;ȧ̝+ʰ˹
ūɺ>ǷƷ=ƌVI;K34H33Ōň>Ǔʕ+9Ōͭ-Rý:9R 0ǲ͋:
i3tg 7.5% (SE±1.41), {c[tg 4.3% (SE±0.53), }tg|





ʓć̛͚@ǵŜ 10.35m :33m ǺɆʓć+3ÖÉ@ 5 ÖÉ33m ¿¥ʓć+3




f¡?ƒŊǻǤ@ 0.2 ǻ(SE±0.18):33m ¿¥ʓć+3f¡: 2 ǻ
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3.4 考察 
 





ʗ:@3.Siɷ˙ˊĂ"Ô3S9R';"ŏİ)S9R(Gervais et al. 
1998; Türke et al. 2010; Calvino-Cancela and Rubido-Bara 2012; Blattmann et al. 
2013)4£Ǫ3ɷ˙ɢ>79@3i{¡;Īʔƙ!3ŚƃͲ"Ŝ#=
ƌ@=(Gervais et al. 1998; Türke et al. 2010; Calvino-Cancela and Rubido-Bara 
2012)!3È$(Gervais et al. 1998; Blattmann et al. 2013)3Ōͭý>ɷ˙+9R
ŏİÍ@=4+!+3'SH:?ʈʗ@3ȏɝʕŨVŽ̐>+9 Q3ʕŨ
;ǈŨˉŨ:@Ŝ#)MʫˉŔ?ė)"ɴ=R3K3ȻČ̾ʪ=<>ORƢ͢
"ɴ=RģˊƯ@9R4H33Boch PͶ2013ͷ@3Ŝŋ?}en 3ʕ Arion 
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:èÖÉ?ƒŊ@ 4.55m3ȵɷ=ÖÉ@ƒŊ 6.35m3§ȵɷ=ÖÉ:iƒŊ 0.95
Ήʓć+34|[x?ȎȂë: ArionƆ 60ĎVìǏɡȰ:ʓć̛͚V̉Ȉ+3




ƙ"È; 45.4¢:3Ͳ; 12.4¢:9R;ŏİ)S9R(Grimm and Paill 
2001)4¼?˝ͫƯćɝ?ˉŨǣƎ̛͚>79?ŏİ:@3m\n\^
ʑ Drosophilidae?ǣƎ̛͚@ǔŰĒƤ 25m:(Halbwachs and Bässler 2015)3ͩ
>®R;Ǥɹ kmʔƙVòǣ-R;˃PS9R(Johnson 1969)4H33q
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?ȋǻ3Øǹ?¦=<Vm]t¡>+9ɍQ̣W: Q3ȵɷ=ÖÉiɓŇ
)/3ØǹVɂQȞ$O>3Øǹ͋Vʓć+9341 Ǭ?ƒŊǑȯˉŨ͂












































́ř:ǒ͙+3ŨŲÉ?ak 3g?ʊɚV½Ɔ?boɧMT Extract Cup (Mono 
Trap Trial Kit for SE, n¡^k[^oʏ, Ȁ¸) >̂K31?«>MT Holder 
(Mono Trap Trial Kit for SE) Vɪ9a¡vwMonoTrap DCC18 (Mono 
Trap Trial Kit for SE) V 1ȃ˽ʼ+3222ưɃųë: 2472ǲ͋͞ʼ+342
7ɽ?ǪȰ@3ŨŲÉ"ǩͳ:ˉŨɨɩǸ?ĊV;R3K>3ŨŲÉèÉV
ovweŶļi+$@boɧ(500 ml)>çS31?«>a¡vw
MonoTrap DCC18 (Mono Trap Trial Kit for SE) V˽ʼ+3222ưɃųë: 24ǲ
͋͞ʼ+34¥˻ͺ7?<5P!?ǪȰ:ĊƼòVǏ͙Ʀ3ɉŦ;=RYq
{ 500 µl>a¡vwVȺ+9̙͡ȱȳȷș> 10ò͋!%3a¡
vw>Įʃ+3ĊƼòVYq{>ɉñ)/34ĊƼò?ɉñ+3Yq
{́ǧ@3GC/MSɪ[Y 1.5 ml (SHIMADZU, ¸̻)>è͂ʓ+3boe
{f̗͂òȁ˹>Î+34GC/MS ?òȁǿÁ@¿¦?; Q:9R4
GC/MS: GCMS-QP2010 SE (SHIMADZU, ¸̻)3 a: DB-5MS, 30m×0.25mm 
i.d.×0.25µm (Agilent technologies, USA)3aɃƙ΀402: 5òÔǊ+3Ʀ3
42/min: 402!P 2502H:ǯɃ+31?Ʀ 5ò͋Ôǲ3ȩČųɃƙ΀25023
Ȳç¡|΀ow{(ow{ȧ 10.1)3cY¡bo: He3aȶ͂
1.62ml/min4̗ ͂òȁ@͜Ũ[`ČȰͶEIȰͷ:[`Č+3Mass/charge (m/z)
ocʟŁ@ 25-450 ;+3470ev ?͜Ũɖƀ>OQɨƼ)S3ooe
{V3GC/MS>½Ɔ?(NIST11)[¡>ɸ̈́?oe{;ȧ̝+93
ƼòĪŰV˥634H3ȔɈɝ̗ Standard Mixture of n-Paraffins (TCI) C7–C11, 
C12–C16, C17–20 ?ÔǊǲ͋Vɪ9˹ʜ+3 GC/MS ɄŰz¡t?ÔǊǋȔ
ͶKovats Retention IndexͷV NISTz¡t¡o;ȧ̝-R';>O69iƼò
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VĪŰ+34 
  ˝ʕ ƼɗȢ͔ Ǐ͙ǪȰ(;?Ȑñ+3ĊƼò?ʭƼ>79?͔Ƈŋ






  ŨŲÉͶʊɚͷ;ŨŲÉͶèÉͷ? 2 ʿ!P1S2S̵ñ+3}en
>ƭ̷ĆȄ?9RƼòÙ˪ƼòVɪ93[`Ywq[́ͱV˥634Ųͱ
ųë 252:3ovwew{(Ȗ 25 cm×ʸ 35 cm×Ͳ) 5 cm)ë>̪ǰ=











ŘǤVĊ?ʭIĨU/;+9noyZweĿƐòȁV JMP ver. 14.1(SAS 
Institute Inc., Cary, NC, USA,) Vɪ9˥634 
  H33Dimethyl trisulfide?I31µl/ml30.1µl/ml31µl/ml310µl/ml? 4Ȣ͔?
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ɒƙ:́ͱ+34 
 
4.2.3 匂い成分に対するショウジョウバエ 3種の反応の観察 
  ýĿ?Ųͱ:ɪ33ƭ̷Ù˪Ƽò>Ž-Rm\n\^ͻʕ?ĝƮ
V˳ż-R3K>¿¦?[`Ywq[́ͱV˥634m\n\^@Ȅ
ŲͫƯ? Drosophila melanogaster (CS)3eyYͫƯ? D. busckii (MIT1)3˝
ͫƯ? D. anguralis (FK05-14) ? 3ʕVɪ34 ųɃ 22-252?Ųͱųë:Ƥ 2 
cm3͈) 15 cm?̪ǰ?v¡?«>ħʕm\n\^V 10Ďi+$
@ 20ĎçS3ªʚ>ˍˋʴV̕Q3ȶćZ: 1 µl/ml>̉ʞ+3́ˡ
500 µl;3i{¡;+9ȶćZ 500 µlVɚÞ.7>ȆỊH/




+34Attractive score = (́ˡÞ?ƒŊÖÉǤ – i{¡Þ?ƒŊÖÉǤ)÷
èÉ?ÖÉǤ 
 ͻʕͨ?^? Attractive scoreVʕ͋:ȧ̝-R3K>3ħĊƼò(;>
3 Ŀ?́˥?ħoiYVɪ9]¡~?Ś̀ȧ̝ȐŰV˥634˵ȁ
>@ʰ˹r{ R ver. 3.4.3 (R Core Team, 2016) Vɪ34 
 H33ͻʕͨ?^1S2S>79ħĊƼò>ƭ̷ ̆ƞ+3ÖÉǤV
i{¡;ȧ̝-R3K>3ͻĿ?́˥:ƨ3ÖÉǤV¡+3a[´
®ȐŰV˥63(Microsoft Excel for Mac 2011 v.14.7.7, Microsoft Co., Redmond)4 
 
 




  è 4ɽ 8ʑ 11Ɔ 22ʕ?ŨŲÉ?òȁV˥(Table 7)3ʕ Ƽɗƙ Ǐ͙
ǪȰ÷> 48́ǧ!P 65ʕ?ĊƼòVȐñ+3(Table 8-1, 8-2)4è 48́ǧ?
ĒǤ¿¥!Pê̬+9Ȑñ)S3ĊƼò;+931-pentanol (26 ́ǧ);
2-methyl-1-butanol (22́ǧ)33-octanone (17́ǧ)31,2-dichloro-benzene (14́ǧ)
V˰ñ+34 
  ħci>ĭHSRĊƼò?ʭƼ>O69òͨ-R3K>3˝ ʕ–ƼɗȢ
͔–Ǐ͙ǪȰ(;?ĊƼòʭƼ:eot¡˵ȁV+3ʯȄ3Yg|ex
tg–ƕ˝–ʊɚ3Yg|extg–Ƽ˝–ʊɚ3ci|c–Ƽ˝









 OC Dimethyl trisulfide?ͻ7V̵ñ+3(Table 10)41-pentanol@Ɨòͨʿ
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ĭHSRĊ:3¥̦+3̬QYg|extg;¼ͺʕ!P+!Ȑñ)
S=!63(Pelusio et al. 1995)4Yg|extgŨŲÉèÉ(ˉŨǣƎǸ)
!PȐñ+3ĊƼò!P@31-pentanol33-octanone32-Propyl-1-pentanol3 
OC Ethyl butyrate?ͼ7V̵ñ+3(Table 11)43-octanonei 1-pentanol;Īȓ
> Penicillium  Aspergillus =<a!Pɩñ)SRƼò:9R(Wilkins and 










trisulfideVĭW4ʭIĨU/?́ǧ3 OC Dimethyl trisulfideēÉ?́ǧ>Ž





 }en? Dimethyl trisulfide>Ž-Rƭ̷ĝƮ"3Dimethyl trisulfide?
ɒƙ>Ïũ+9ŘČ-R!ʌ̅-R3K>30.001 µl/ml~1 µl/mΈH: 10×:ɒ
ƙĉ̼V7%3Dimethyl trisulfide>Ž-RĝƮ@30.1µl/ml; 1µl/ml:@ 100͵
?ƭ̷ɢVʎ+3"30.01µl/m30.001µl/ml:@ 20͵30͵?ƭ̷ɢ:963(Fig. 





9R;ƭ̷ɢ 0%>Ž+931-pentanol ; 2-Propyl-1-pentanol ?ʭIĨU/:@
ƭ̷ɢ 90͵;ǵiͲ$=63ͶFig. 16ͷ4ħĊƼò?ƭ̷ĆȄVnoyZ
weĿƐòȁ+3ʯȄ31-Pentanol (P<0.0001), Ethyl butyrate (P=0.0068)3
2-Propyl-1-pentanol (P=0.0023) > ƭ ̷ Ć Ȅ " 9 Q 3 3-Octanone + 




4.3.3 匂い成分に対するショウジョウバエ 3種の反応の観察 
 ˎǡǸ?Ċ:9RŨŲÉͶʊɚͷʿ?ĊƼòVɪ3ʯȄ:@3D. 
anguralis; D. busckii @-F9?Ċ>Ž+9i{¡;Īʔƙ?ƭ̷ɢ
Vʎ+3 (a[´®ȐŰ΁P>0.05)3̆ ƞMƭ̷?ĝƮ@IPS=!63(Table 13, 
Fig. 17)4£Ǫ3D. melanogaster @ 1-pentanol + Dimethyl trisulfide(a[´®ȐŰ; 
P<0.005); 1-pentanol+Phenetyl alcohol (P<0.001)  OC31-pentanol + Dimethyl 
trisulfide + Phenetyl alcohol (P<0.001) ? 1-pentanol;1?¼ƼòV 27¿¥?ʭ
IĨU/3Ċ>Ž+93i{¡>ȧFǷƷ>ƭ̷ɢ"Ͳ!634m
\n\^ͻʕ͋? Attractive scoreVȧ̝-R;3D. melanogaster1S2
S D. anguralis; D. busckii;ȧ̝+931-pentanol+Phenetyl alcohol ; 1-pentanol 
+ Dimethyl trisulfide + Phenetyl alcohol?ʭIĨU/:ǷƷ=ƌVʎ+3 (
]¡~Ś̀ȧ̝΁1-pentanol+Phenetyl alcohol, ×D. anguralis, P=0.03, ×D. 
busckii, P=0.025 ; 1-pentanol + Dimethyl trisulfide + Phenetyl alcohol, ×D. anguralis, 
  31 
P=0.001, ×D. busckii, P=0.002)(Fig. 17)4 
 ˉŨǣƎǸ?Ċ:9RŨŲÉͶèÉͷʿ?ĊƼòVɪ3ʯȄ:i D. 
anguralis; D. busckii @-F9?Ċ>Ž+9i{¡;ǷƷ=ƌ@ʎ)
.(a[´®ȐŰ΁P>0.05)3̆ƞMƭ̷?ĝƮ@=!63(Table 14, Fig. 18)4£
Ǫ3D. melanogaster@ 3-octanone (P<0.001), 2-propyl-1-pentanol (P<0.001), Ethyl 
butyrate (P<0.001), 1-pentanol + 3-octanone (P<0.001), 1-pentanol + 
2-propyl-1-pentanol (P<0.001), 1-pentanol + Ethyl butyrate (P<0.001)> 93i
{¡>ȧF9ǷƷ>ƭ̷ĝƮVʎ+9 Q31-pentanol ¿ř? 3 7?Ċ
Ƽò@ēÉ:31-pentanol @¼?Ċ;?ͺ7?ʭIĨU/:ƭ̷ĆȄ"9R
';"U!634m\n\^ͻʕ͋? Attractive scoreVȧ̝-R;3D. 
melanogaster@ 3-Octanone: D. anguralis; D. busckii;ǷƷ=ƌVʎ+3Ethyl 
butyrate; Ethyl butyrate+1-pentanol?ʭIĨU/: D. anguralisOQǷƷ=ƌV
ʎ+3  (]¡~Ś̀ȧ̝΁3-Octanone, ×D. anguralis, P=0.001, ×D. 
busckii, P=0.004 ; Ethyl butyrate, ×D. anguralis, P=0.050 ; Ethyl butyrate+1-pentanol, 
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4.4 考察 
 
4.4.1 腐敗期に生産される Dimetyl trisulfde  
 ĊƼòVɪ3}en?ĝƮ?˳ż>OQ3}en@
Dimethyl trisulfide"ĭHSŔˡ-F9Vƭ̷+34Dimetyl trisulfide@
˝ͨ:@owtgƆ? Clathrus archeri (Johnson and Jurgens 2010) M
owtg Phallus impudicus (Borg-Kalson et al. 1994; Pudil et al. 2014)3
ȏɝ:@i~eƆ?meu[``i~e  Amorphophallus 

















  33 
?ĊƼò(1-pentanol, Ethyl butyrate, 2-propyl-1-pentanol);3ˎǡǸ>ɨɩ-R




















Mci>ĭHS9 Q3ˎͫƯćɝV̆ƞ-RĆȄVǊ7(Borg-Kalson et al. 
1994; Johnson and Jurgens 2010; Shirasu et al. 2010; Pudil et al. 2014)4Ų͖>3Ű
͂z¡t@ƨPS9="3Yg|extgVƕ˝!Pˎǡ-RH:
znta:[t¡ǚƢ>OR˳żV˥63;'T3ˎǡ-R;`
  34 
`qvib Geotrupes auratus auratus"˼S3Ǚͫ+9R?"˳ż)S3
(Fig. 19)47HQ3ˎͫƯ?``qvib@ Dimethyl tirsulfide>O69̆
ƞ)S3;˃PSR4'SH:qvibʑ Geotrupidae>ORˉŨǣƎ>
















melanogaster @ 1-pentanol ; Dimethyl trisulfide3Phenetyl alcohol33-octanone, 
2-propyl-1-pentanol, Ethyl butyrate ;?ͺ7ʭIĨU/3i?;33-octanone,;
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ʕ?ɨƹ>Ȳɽ-R;3¬>ȎȂë?ciMˎǡɝVͮMɩĖŐƿ;+9
R D. anguralis ; D. busckii ;3¬>¹?ɨȵŅë:ȄŲʛVøɪ-R D. 
meanogaster>ď÷-R';":#R4D. anguralis; D. busckii "ɨƲ-RȎ
Ȃ:@ciMˎǡɝ@̔̀=ȉ̖ͭɇ:9Q31SPVøɪ/*RVƨ=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;ʦĒǤ.7:9634ǈŨ˝͉?˝ɿ@366.1%"tgɽ?ˎɨ˝:3
29.7%" Trichosporonales3Ț> Hymenochaetales ?ǹǽˎǼ˝"¥Ç:Ȑñ+
3ǈŨ˝ 18ɽ?536ɽ"ǹǽˎǼ˝;ǵiŚ!634Ț>3Ǒȯ+3ˉŨ
>793Ǒȯ-RˉŨ͂;ÉëɋɱǸ͋V̉F3;'T3}en?ˉ





:i3tg 7.5%3{c[tg 4.3%3 }tg|c 3.75%?ɷ˙
ɢVʎ+934ǵƦ>3ȂƘ:?}en?ʓć̛͚;ʓćt¡V
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ñ-R3K3́ř:ǒ͙+3ŨŲÉ?ĊƼòòȁV˥634è 4 ɽ 8 ʑ 11




Yg|extg?ˎǡǸ>ɩɨ)SR Dimethyl trisulfide (DMTS) V
ĭJ́ǧ>Ž+9 100͵?ƭ̷ɢVʎ+34H33Yg|extg?ˉ
ŨǣƎǸ>ɨɩ-RƼò:9R 1-Pentanol3 Ethyl butyrate32-Propyl-1-pentanol
>Ž+9@ƭ̷ĆȄVʎ+34'SP?ʯȄ!P3Yg|extg@3
ˉŨɨɩǸǣƎǸ>@ 1-Pentanol3 Ethyl butyrate32-Propyl-1-pentanol31+
9ˎǡǸ>@ DMTSVɪ93}en>OR˨ͫVĿ̷+9RģˊƯ
"ʎĸ)S34 
 Ț>3m\n\^ 3ʕ?˝ͫƯ D. angurarlis3eyYͫƯ D. busckii
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ȄŲͫƯ D. melanogaster ?ĊƼò>Ž-RĝƮV˳ż+341?ʯȄ3D. 
anguralis; D. busckii @-F9?Ċ:̆ƞMƭ̷?ĝƮ@IPS=!634
£Ǫ3D. melanogaster@ 1-pentanol;1?¼ƼòV 27¿¥?ʭIĨU/;3
3-octanone3 2-propyl-1-pentanol3Ethyl butyrate>Ž+93ƭ̷ĝƮ"̅KPS
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Dead wood Fruit body Ground Tree
Adult
Young
Fig. 4 捕獲したヤマナメクジの生息場所ごとの 
　　　 成体と幼体の割合. 









About 70％ collecting slugs fed on spores.
• １個体の排泄物に複数種の胞子が存在 
There were some species fungal spores in one feces.
•
2.ヤマナメクジの排泄物の観察  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でコントロールとの比較を行った。* = P<0.05. 
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Number of slugs 
'N= 15(
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①  15cmの透明のチューブの両端に脱脂綿を貼り、片方ずつに1µl/mlの試薬
とParaﬃnを500µl染み込ませる. 












Drosophila melanogaster 果実食 
Drosophila anguralis 菌食 
Drosophila busckii バクテリア食 
22℃  































CV=5 IAV=5 IAV=5 
  
IW=5 IW=5 IW=5 
  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Fig. 13 アケボノドクツルタケ（破片）から選出した 
　　　忌避成分候補を用いたヤマナメクジの反応の観察結果 　























Fig. 14 ヤマナメクジがDimethyl trisulﬁdeを 
         忌避している様子　 
1
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Fig. 15 濃度別のDimethyl trisulﬁdeに対する 
　　　ヤマナメクジの反応の観察結果　 
Fig. 16 アケボノドクツルタケ（全体）から選出した忌避成分候補を用い
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排泄した担子胞子は破壊
されていない 
Fig.19 腐敗期のアケボノドクツルタケにセンチコガネ　　　 
　　　 が訪れている 
　　　 2018年10月22日撮影 
